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GOLD ALLOY BONDING WIRE FOR SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

5 

This application claims the priority of Korean Patent Application No. 
2003-23344, filed on April 14, 2003, in the Korean Intellectual Property Office, the 
disclosure of which is incorporated herein in its entirety by reference. 

10 1. Field of the Invention 

The present invention relates to a gold alloy bonding wire for electrically 
connecting a semiconductor chip with a leadframe or a printed circuit board (PCB) in 
a packaging process of a semiconductor device, and more particularly, to a gold 
alloy bonding wire that can be suitably used in packaging of a highly-integrated 

15 semiconductor device. 

2. Description of the Related Art 

As the integration density of semiconductor devices has increased and the 
semiconductor devices has become thinner and smaller, a distance between 

20 interconnections of a chip of an integrated circuit (IC) has become narrower. 
Further, current semiconductor applications require an increase in the number of 
pins of bonding pads and a decrease in a distance between the pins. In order to 
meet this requirement and enhance the reliability of a wire bonding process, an 
improvement in a shape of a loop of a gold alloy bonding wire, an increase in a 

25, tensile strength of the gold alloy bonding wire, an increase in resistance vibration, an 
increase in a bond pull strength between the gold alloy bonding wires and bonding 
pads after the bonding process, an increase in a ball shear strength between the 
gold alloy bonding wires and a leadframe, and a prevention of a chip crack, etc. are 
required. 

30 In addition, as semiconductor technologies are rapidly developing, packaging 

technologies for ultra highly-integrated chips and multichips have been investigated 
and line widths of semiconductor devices and distances between bonding pads have 
become excessively small. Thus, ultra fining of the gold alloy bonding wire to be 
used in a packaging process has been required. 
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However, this requirement poses the following problems. First, a 
high-temperature reliability after ball-bonding is reduced. Secondly, ball necks of 
the gold alloy bonding wires in forming an ultra low loop are damaged. 

Referring to FIG. 1, a general semiconductor package includes a 
5 semiconductor chip 10 oh a pad 50, a plurality of bonding pads 20, a plurality of lead 
frames 40, and gold (Au) alloy bonding wires 30. The plurality of bonding pads 20 
are formed on the semiconductor chip 10 as input/output ports for a variety of signals. 
The plurality of lead frames 40 are electrically connected to the semiconductor chip 
10 to receive and output the variety of signals from and to an external circuit. The 

10 Au alloy bonding wires 30 electrically connects the bonding pads 20 and the 
leaclframes 40. The structure of the semiconductor package is encapsulated and 
protected by a resin, for example, epoxy molding compound. 

One end of the Au alloy bonding wire 30 attached to the bonding pad . 20 
includes a compressed ball 32 and a neck 34 as a connector between the 

15 compressed ball 32 and the Au alloy bonding wire 30. In a wire bonding process, 
one end of the Au alloy bonding wire 30 is melted by discharging to form a free air 
ball having a predetermined size and is further pressed on the bonding pad 20 to be 
attached thereto. A loop of the Au alloy bonding wire 30 having an appropriate . 
height and length is formed to reach a corresponding leadframe 40, and the other 

20 end of the Au alloy bonding wire 30 is attached to the leadframe 40 with an 
application of pressure. As a result, the semiconductor chip 10 and. the leadframe 
40 are electrically connected. 

. However, when performing the bonding process using the conventional Au , 
alloy bonding wires 30, a damage 35, such as a crack or damage, occurs frequently 

25 in the neck 34 when forming the loop of the Au alloy bonding wire 30. Particularly, 
as the integration density of semiconductor devices increases, the height of the loop 
becomes lower and the frequency of appearance of the damage 35 near the neck 34 
increases. As a result, a signal transmission path through the loop is opened. 

30 SUMMARY OF THE INVENTION 

The' present invention provides a gold (Au) alloy bonding wire for securing a 
high-temperature bonding reliability and preventing a damage from appearing near a 
ball neck after ball bonding. 
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According to an aspect of the present invention, there is provided a gold (Au) 
alloy bonding wire for a semiconductor device in which at least one of polonium (Pq), 
promethium (Pm), thulium (Tm), and boron (B) is added to high-purity gold of 
99.999% or more in an amount of 3-30 parts per million (ppm) by weight and at least 
5 of magnesium (Mg), sodium (Na), vanadium (V), molybdenum (Mo), and technetium 
(Tc) is added in an amount of 3-30 ppm by weight to the high-purity gold. 

It is preferable that palladium (Pd) is further added to the high-purity gold in an 
amount of 100-1 ,000 ppm by weight. In addition, it is preferable that calcium (Ca) is 
further added to the high-purity gold in an amount of 30-80 ppm by weight. It is 
10 preferable that lanthanum (La) is further added to the. high-purity gold in an amount 
of 20-80 ppm by weight. At this time, a diameter of the Au alloy bonding wire can 
be 10-50 pm. 

In the specification, ppm by weight indicates ppm by weight with respect to 
the total weight of the Au alloy bonding wire. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 
The above and other features and advantages of the present invention will 
become more apparent by describing in detail preferred embodiments thereof with 
reference to the attached drawings in which: 
20 FIG. 1 shows the shape of a loop of a conventional gold alloy bonding wire; 

FIG. 2 shows the shape of a loop of a gold alloy bonding wire according to the 
present invention; ; 

FIG. 3 is a scanning electron microscope (SEM) photograph showing a 
damage near a ball neck in a case of using the conventional gold alloy bonding wire; 
25 FIG. 4 is a SEM photograph showing a good ball neck in a case of using the 

gold alloy bonding wire according to the present invention; and 

FIG. 5 is a SEM photograph showing a formation of an ultra low loop of the 
gold alloy bonding wire according to the present invention. 

30 DETAILED DESCRIPTION OF THE INVENTION 

A gold (Au) alloy bonding wire according to the present invention uses 
high-purity Au as a main material. A high-purity gold of 99.999% or more is used 
for the Au alloy bonding wire according to the present invention. Gold has small 
electrical resistance and is the best conductive material for signal transmission in an 
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electronic circuit. Also, gold is highly ductile and malleable so that gold can be 
easily extended. However, gold is greatly affected by peripheral temperature 
variations and tends to expand at a high temperature. In addition, because the 
mechanical strength of gold is weak, when a gold alloy bonding wire manufactured 
using gold is used for interconnections of a semiconductor package, a loop, in which 
the interconnections are formed, may sag or sweep. Accordingly, in order to 
provide a gold alloy bonding wire with excellent characteristics while keeping the 
excellent conductivity of gold, gold is alloyed or doped with other elements in parts 
per million (ppm) by weight. When the purity of gold as a main material is less than 
99.999%, an amount of an element added is limited, and there is no effect in adding 
the element due to the presence of impurities of gold. High-purity gold of 99.999% 
or more can be obtained through two steps of purification, electrochemical 
purification and partial melting purification, so as to remove impurities and increase 
the purity of gold. 

The Au alloy bonding wire according to the present invention can be 
manufactured by adding at least one of polonium (Po), promethium (Pm), thulium 
(Tm) and boron (B) to high-purity gold in a predetermined amount and at least one of 
magnesium (Mg), sodium (Na), vanadium (V), molybdenum (Mo), and technetium 
(Tc) to high-purity gold in a predetermined amount. 

When at least one of Po, Pm, Tm, and B is added in an amount of 3 ppm by 
weight or less, an effect in improving a high-temperature reliability after ball bonding 
is little. Further, when at least one of Po, Pm, Tm, and B is added in an amount of 
30 ppm by weight or more, a free air ball is hardened so that an attachment between 
a bonding pad and the Au alloy bonding wire is reduced. Thus, it is preferable that 
at least one of Po, Pm, Tm, and B is added in an amount of 3-30 ppm by weight. 

When at least one of Mg, Na, V, Mo, and Tc is added in an amount of 3 ppm 
by weight or less, the ball neck is broken or damaged. Further, when at least one of 
Mg, Na, V, Mo, and Tc is in an amount of 30 ppm by weight or more, the free air ball 
is formed with many dimples on its surface so that the attachment and the 
high-temperature reliability are reduced. Thus, it is preferable that at least one of 
Mg, Na, V, Mo, and Tc is added in an amount of 3-30 ppm by weight. 

In addition, palladium (Pd), calcium (Ca), and lanthanum (La), etc. may be , 
added. When they are added to the high-purity gold together with Pm, Tm, and B, 
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the high-temperature reliability is more improved due to a synergy effect between the 
elements added. 

In general, the bonding pad 20 as shown in FIG. 1 is made of aluminium (Al). 
Accordingly, when the Au alloy bonding wire is attached to the bonding pad 20, Au of 
5 the Au alloy bonding wire diffuses into the bonding pad 20, thereby resulting in a 
formation of a void near the neck. Pd forms a barrier layer for preventing diffusion 
of Au atom in an interface between a Au-rich region (Au alloy bonding wire region) 
and an Al-rich region (bonding pad region) after wire bonding. Thus, since the 
diffusion of Au atoms is prevented, a formation of intermetallic compound and 
10 Kirkendall void formation are suppressed. As a result, a reduction in thermal 
reliability is prevented. 

Pd has good oxidation resistance, and thus enhances the tensile strength of 
the gold at room temperature and durability at high temperature when subjected to 
multiple thermal processes performed in the assembly of a semiconductor device. 
15 In addition, attachment reliability in a ball bonding process is increased. 

According to the results of a variety of experiments, when Pd is added in an 
amount of 100 ppm by weight or less, an effect in improving the high-temperature 
reliability after ball bonding is small. When Pd is added in an amount of 1,000 ppm 
by weight or more, an electric property (for example, electric resistance) is reduced. 
20 Thus, an appropriate amount of Pd is in a range of 100-1,000 ppm by weight. 

Ca enhances tensile strength at room temperature and high temperature and 
suppresses bending or deformation of a loop of the Au alloy bonding wire, such as 
sagging or sweeping, after forming the loop. When an ultra low loop is formed, Ca 
increases yield strength near the ball neck, and thus reduce or remove the damage 
25 near the ball neck^ Especially, even if the Au alloy bonding wire has a small 
diameter, a brittle failure near the ball neck can be suppressed. 

When Ca is added in an amount of 30 ppm by weight or less, an effect in 
improving the high-temperature reliability after ball bonding is little. Further, when 
Ca is added in an amount of 80 ppm by weight or more, the free air ball may be 
30 formed with many dimples on its surface. Thus, an appropriate amount of Ca is in a 
range of 30-80 ppm by weight 

Similar to Ca, when La is added in an amount of 20 ppm by weight or less, an 
effect in improving the high-temperature reliability is small. Further, when La is 
added in an amount of 80 ppm by weight or more, the free air ball may be formed 
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with many dimples on its surface so that the attachment and the high-temperature 
reliability are reduced. Thus, an appropriate amount of La is in a range of 20-80 
ppm by weight. . • • 

FIG. 2 shows a wire bonding process using Au alloy bonding wires 130 
5 according to the present invention. The Au' alloy, bonding wires 130 electrically 
connect a plurality of bonding pads 20 of a semiconductor chip 10 mounted on a pad 
50 with a plurality of leadframes 40: The Au alloy bonding wire 130 attached to the 
bonding pad 20 includes a compressed ball 132 and a neck 134 as a connector 
between the compressed ball 132 and the Au alloy bonding wire 1 30. A loop of the 
10 Au alloy bonding wire 130 can be formed- without any damage to the neck 134. 
Further, the shape of the loop is maintained without sagging or sweeping. 

: In' the following examples, Au alloy bonding wires were formed with different 
added amounts of the above-listed elements. The following /examples are for 
illustrative purposes and are not intended to limit the scope of the invention. 
15 i"-- To gold of a 99.999% or more purity /the above-listed elements were mixed in 
different ratios, as shown in Table 1 below, melted, and manufactured. as Au rods 
: through continuous casting. Next/ the Au rods were subjected to a drawing process 
to reduce the cross-sectional area of the Au rods until Au alloy bonding wires having 
a desired diameter were obtained: The diameter of the Au alloy bonding wires was ' 
> 20 20 pm. Next; the internal stress and curls of the wires were removed through 
annealing. -. : " 
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The diameter of the Au alloy bonding wires manufactured in the compositions 
of Table 1 can be reduced to 10-50 pm. By using the Au alloy bonding wires which 
are manufactured in the compositions of Table 1 to have a diameter of 20 pm, the 
following experimental results presented in Table 2 were obtained. As shown in 
5 Table 2, a resistance of the Au alloy bonding wire, degree of the damage near the 
ball neck, the shape of the free air ball, and the high-temperature reliability were 
evaluated. 

First, the resistance of the Au alloy bonding wire was measured using a 
4-probe method while minimizing, an error in a contact resistance. At this time, a 
id length of the Au alloy bonding wire was 300 mm, and a tensile stress of 1.0 g was 
applied to the Au alloy bonding wire. A specific resistivity was calculated by 
multiplying the measured resistance by the cross-sectional area ^of the Au alloy 
bonding wire and then dividing it by the length of the Au alloy bonding wire. 

The degree of the damage near the ball neck was observed and evaluated 
15. after performing the wire bonding process while forming the loop of the Au alloy 

bonding wire having a height of 70 pm. In Table 2, . ® , 9 f a ; an( j X indicate that 

the degree of the prevention of the damage near the ball neck is excellent, good, 
moderate, and bad, respectively. 

After forming the free air ball having a diameter of 40 pm using the Au alloy 
20 bonding wire, the shape of the free air ball was observed, using a scanning electron 
microscope (SEM). The shape of the free air ball was evaluated using four levels, 

excellent (® ), good (o ), moderate ), and bad (X). The ball shape was observed 

to determine whether an oxide was deposited on the ball surface or whether the 
shape of the ball is distorted or whether the ball has shrinkage cavity (or dimple). 

25 Various reliability evaluation methods can be used for the high-temperature 

:. reliability evaluation. In this embodiment, a HTST (High Temperature Storage Test) 
well-known to one of ordinary skill in the art was used as the high-temperature 
reliability evaluation method. In the HTST, the high-temperature reliability 
evaluation was performed for 1,000 hours at a temperature of 175°C, conditions 

30 more severe than the requirements of reliability tests conducted for 1,000 hours at a 
temperature of 1 50 °C according to U.S. military specifications. 
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After a predetermined period time, a bond pull test was conducted oh each of 
the samples. In the bond pull test, when the samples has a reference value or less, 
the sample is determined to be a defective sample. 50 Au a|loy wires were used on 
each of the samples, and test data on each of the samples were calculated. 

Defective rate (%) = (the number of Au alloy wires having a value of a 
reference value or less) / (the number of tested Au alloy wires) 
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In Table 1, B was added to sample No. 3 in an amount of 3 ppm by weight. 
Referring to Table 2, in the sample No. 3, the degree of the prevention of the 
damage near the ball neck was good, but the shape of the free air ball was bad. In 
5 addition, in Table 1 , at least one of Po, Pm, Tm, and B was added to sample Nos. 5, 
7-9, 11 ,12, 19, 21, 22, and 25 in an amount of 30 ppm by weight or more.. 
Referring to Table 2, in the sample Nos. 5, 7-9, 1 1 , 12, 19, 21 , 22, and 25, the shape 
of the free air ball was not good and high-temperature reliability was not good. 
Thus, it can be seen that a preferable amount of Po, Pm, Tm, and B is in a range of 

10 3-30 ppm by weight. 

In Table 1, Mg, Na, V, Mo, and Tc were not added to sample No. 1. 
Referring to Table 2, jn the sample No. 1, the degree of the prevention of the 
damage near the ball neck was bad. In addition, in Table 1 , at least one of Mg, Na, 
V, Mo, and Tc was added to sample Nos. 2, 5, 9, 11, 13-15, 19-22, and 25 in an 

.15 amount of 30 ppm by weight or more. Referring to Table 2, in the sample Nos. 2, 5, 
9, 11, 13-15, 19-22, and 25, the degree of the prevention of the damage near the ball 
neck was good, but the high-temperature reliability was reduced. Thus, it can be 
seen that a preferable amount of Mg, Na, V, Mo, and Tc is in a range of 3-30 ppm by 
weight. 

20 In Table 1, Pd was not added or was added in an amount of 100 ppm by 

weight or less to sample Nos. 1-9, 11, 13, 18, 19, 21, 23, and 25. Referring to 
Table 2, in the sample Nos. 1-9, 11, 13, 18, 19, 21, 23, and 25, the high-temperature 
reliability was not good. However, the high-temperature reliability was good in 
sample Nos. 6, 18, and 23. If Pd was added in an amount of 1,000 ppm by weight 
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or more, the electric resistance was increased. Thus, it can be seen that a 
preferable amount of Pd is in a range of 100-1 ,000 ppm by weight 

In Table 1, Ca was not added or was added in an amount of 30 ppm by 
weight or less to sample Nos. 1-10, 14, 18, 19, 23, and 27. Referring to Table 2, in 
5 the sample Nos. 1-10, 14, 18, 19, 23, and 27, the high-temperature reliability was not 
good. However, the high-temperature reliability was good in sample Nos. 6, 18, 23, 
and 27. In addition, Ca was added in an amount of 80 ppm by weight or more to 
sample Nos. 13 and 21. Referring to Table 2, in the sample Nos. 13 and 21, the 
high-temperature reliability was not good. Thus, it can be seen that a preferable 

10 amount of Ca is in a range of 30-80 ppm by weight. 

In Table 1 , La was not added or was added in an amount of 20 ppm by weight 
or less to sample Nos. 1-10, 13, 17, 20, 24, and 25.:; Referring to Table 2, in the 
sample Nos. 1-10, 13, 17, 20, 24, and 25, the high-temperature reliability was not 
good. However, the high-temperature reliability was good in sample Nos. 6, 17, 

15 and 24. In addition, Ca was added in an amount of 80 ppm by weight or more to 
sample Nos. 11 and 16. Referring to Table 2, in the sample Nos. 11 and 16, the 
shape of the free air ball was moderate, and the high-temperature reliability was not 
good. Thus, it can be seen that a preferable amount of Ca is in a range of 20-80 
ppm by weight. 

20 All in all, to sample Nos. 3,4, 6, 10, 16, 17, 18, 23, 24, and 26-30, at least one 

of Po; Pm, Tm, and B was added in an amount of 3-30 ppm by weight, and at least 
one of Mg, Na, V, Mo, and Tc was added in an amount of 3-30 ppm by weight. 
Referring to Table 2, in the sample Nos. 3, 4, 6, 10, 16, 17, 18, 23, 24, and 26-30, 
the electric resistance was small, the degree of the prevention of the damage near 

25 the ball neck was good, and the high-temperature reliability was good. Particularly, 
in the sample Nos. 6, 17, 24, and 26-30, the shape of the free air ball was good so 
that it can be seen that these samples were good over several characteristics. 
Thus, it can be seen that these samples can be used suitably as the Au alloy 
bonding wire. Pd, Ca, and La are not added to the sample No. 6, and the sample 

30 Nos. 17 and 24 had the synergy effect by Pd and Ca. Also, the sample Nos. 26 and 
28-30 had the synergy effect by Pd, Ca, and La. The sample No. 27 had the 
synergy effect by Pd and La. 

Compared with the experimental example according to the present invention, 
Po, Pm, Tm, and B or Mg, Na, V, Mo, and Tc were not used in the comparative 
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example corresponding to prior art. Instead, manganese (Mn), indium (In), silver 
(Ag), beryllium (Be), or copper (Cu) may be used. In sample Nos. 31-35 of the 
comparative example, as indicated in Table-2, the degree of the prevention of the 
damage near the ball neck was bad, and the high-temperature reliability was very 
, 5 bad. The damage near the ball neck generated in the sample Nos. 31-35 is shown 
as reference numeral 35 in. a SEM photograph of FIG. 3. 

However, in a case of using the Au alloy bonding wire according to the 
present invention, as shown in FIG. 4, the damage near the ball neck are not found 
so that as shown in FIG. 5, an ultra low loop can be formed. 

10 . As described above, even when an ultra low loop of a Au alloy bonding wire 

according to the present invention is formed,, the damage hear the ball neck can be 
prevented. Since the Au alloy bonding wire according to the present invention has 
a high-temperature reliability, the Au alloy bonding wire can be widely used in 
forming electric interconnection in semiconductor packages for industrial 

15 applications. , ' 

While the present invention has been particularly shown and described with 
reference to preferred embodiments thereof, it will be understood" by those of 
ordinary skill in the art that various changes in form and details may be made therein 
without departing from the spirit and scope of the present invention as defined by the 

20 , appended claims. 
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